We employed density functional theory (DFT) calculations to identify whether it is energetically more favorable for a monolayer of MoS2 to bind with the TiN substrate rather than another layer of MoS2. These calculations are performed in the generalized gradient approximation (GGA) using the projector-augmented wave formalism as implemented in the Vienna Ab-initio Simulation Package (VASP). 19, 20 The exchange correlation is described by the Perdew-BurkeErnzerhof (PBE) functional. 21 We verified that the PBE functional reproduces the lattice parameters of monolayer MoS2, and rocksalt TiN within 1 % of their experimental values; the PBE functional has also been employed successfully in previous investigations on TiN surfaces 22 and MoS2. 23 The plane wave energy cutoff is set to 500 eV, while the Brillouin zone (BZ) is sampled by a -centered Monkhorst-Pack grid. A k-grid of 8  8  1 is used for monolayer/bilayer MoS2, whereas 6  10  1 is employed for TiN slabs as well as the TiN-MoS2 configurations. During geometry optimizations, the atomic coordinates are optimized using a conjugate gradient algorithm until the force components on each atom is < 0.01 eV/atom. To describe the van der Waals interactions between two MoS2 monolayers, we adopted the DFT-D2 method. 24 This technique in conjunction with the PBE functional has been reported to reproduce the experimental interlayer MoS2 spacing with deviations < 1 %. 25 To serve as reference for the binding energy calculations, we first optimize the atomic coordinates of (a) a TiN slab (rocksalt crystal structure) oriented with its surface normal pointing along the crystallographic 111 direction, and (b) monolayer MoS2 in the framework of DFT. For the TiN slab, we employed 9 bilayers of TiN in an orthorhombic (31) supercell, wherein each layer contains 2 Ti or 2 N atoms; the bottom 5 layers are fixed to simulate the bulk. For monolayer MoS2, we employ an orthorhombic supercell containing 2 Mo and 4 S atoms. Next, we identify the most energetically favorable binding configuration for monolayer MoS2 on TiN (111) by investigating 6 different configurations: in three of these systems, the Ti layer of the TiN (111) slab is closest to the S of MoS2, whereas in the remaining three, the N layer of the TiN (111) slab neighbors S of MoS2. In both these cases (i.e., Ti or N being the surface layer of the TiN slab), the S layer of MoS2 is placed at three distinct sites in the surface layer of the TiN slab, namely, hollow, top, and bridge ( Figure 5 ). In each of these configurations, a strain of < 4 % is applied to the MoS2 monolayer to ensure epitaxy with the underlying TiN slab. For each of these 6 configurations, the binding energy (Eb) between the TiN slab and the MoS2 monolayer is computed as:
Here Es is the total energy of the relaxed TiN-MoS2 system in one of the 6 different configurations, while ETiN and E MoS 2 refer to the total energies of the optimized TiN slab and the MoS2 monolayer. Similarly, the binding energy between two MoS2 monolayers is given by:
Here Es is the total energy of the MoS2 bilayer (following the stacking sequence in bulk MoS2).
Our computed binding energies for the various configurations are shown in Table 1 . As indicated by Table 1 , we find that the binding energy Eb is highest (most negative) when the MoS2 monolayer binds onto a TiN slab containing Ti atoms in its outermost layer, such that the closest S atoms in MoS2 lie in the hollow sites. In this configuration, there is a strong covalent interaction between MoS2 and TiN as indicated by the value of Eb = -1.25 eV. In comparison, our DFT calculations show that the binding energy between two MoS2 monolayers is much lower (-0.16 eV) owing to weak van der Waals interactions. Evidently, it is energetically preferable for a monolayer of MoS2 to bind to the underlying TiN substrate rather than to another MoS2 layer.
S9: Free energy of solvation and potential of mean force calculations
To provide a thermodynamic basis towards the observed phenomenon, we employed the Adaptive Bias Force method 25 implemented in NAMD version 2.9 26 to determine the free energies of exfoliation and dispersion of MoS2 in water and hydrogen peroxide. Details of the ABF algorithm and implementation can be found in Refs. 27, 28 . As an initial model construct, we started with a bilayer MoS2 sheet [inset Figure S9 ]. As a part of the ABF algorithm, an external biasing force, estimated locally from the sampled conformations of the system and updated continuously, is applied at each step to facilitate the system in overcoming significant energy barriers, if present, along the reaction coordinate. This force is applied to one of the MoS2 sheets in the z-direction, such that the sheets are tangentially separated. An orthorhombic computational supercell was employed with dimensions of 80 Å × 80 Å × 200 Å; the heterogeneous condensed phase occupies an 80 Å × 80 Å × 80 Å region. The number of solvent molecules in each box was selected to reproduce the density of water or hydrogen peroxide by isothermal-isobaric (NPT) simulations at 1 atm and 300 K. A sufficiently large cut-off distance of 14 Å is employed. Initial configurations for each system were generated using Packmol; subsequently the atomic coordinates were optimized for 5000 steps via a steepest descent algorithm followed by MD simulations. During these MD runs, systems were equilibrated over a time period of 10 ns in the NVT ensemble, with another production of 20 ns, followed by the ABF calculation in the NVT canonical ensemble for 30 ns for each window (6 windows of 15 Å). The MoS2 sheets were based on the potential of Farmer and co-workers 29 while SPC/E force field 30 was used for water and AMBER modified potential for hydrogen peroxide, respectively. 
